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Takanori Yoshida, and Takao Okada 
Abstract-In an attempt to prevent wafers from getting 
charged in the N, gas sealed semiconductor manufacturing pro- 
cess, authors have developed the neutralization method em- 
ploying the irradiation of ultraviolet (UV) light. This method 
applies the fact that Nz molecule is ionized when it absorbs ul- 
traviolet light. This method is superior to the neutralization 
method employing the corona discharge in terms of the neu- 
tralization capability in the inert gas ambient, where this is the 
very clean method to neutralize charge. The neutralization rate 
is very high. The residual potential caused by the unbalanced 
ion distribution is always 0 V after the neutralization. It takes 
less than 1 second to reduce the potential of the wafer charged 
to +3  kV down to +0.3 kV, while it takes several seconds to 
reduce the potential of -3 kV to the level of -0.3 kV. The 
neutralization capability is enhanced by decreasing the ambient 
pressure. It has been revealed that this neutralization method 
is very effective in the Nz gas ambient such as in the equipment 
and in the N,-sealed wafer transportation system [I]. Addition- 
ally it has been confirmed the neutralization capability is fur- 
ther enhanced by replacing the N, gas ambient with the Ar gas 
ambient. 
I. INTRODUCTION 
N THE semiconductor manufacturing, the anti-static I technology for the wafer is one of the key technologies 
affecting the device yield. At present, the open manufac- 
turing systems are mainly employed, where the wafers are 
exposed to the air while they are transported between each 
process. In order to overcome the problems, such as wafer 
surface contamination due to impurities in the air and the 
native oxide formation, which are expected to become 
more critical in the future, the introduction of the closed 
manufacturing system will be essential to handle the wa- 
fers in the high purity N, gas [2]-[4]. Accordingly it will 
be required to establish the technology for the floating 
transportation of wafer in ultra-clean N, gas ambient [ l ]  
and the anti-static technology for wafer. The wafer usu- 
ally gets charged to several kV when it is contacted with 
insulating materials or when the gas from a nozzle blows 
the wafer [ 5 ] ,  [6]. When the wafer get charged, the air- 
borne particles adhere on it due to the electrostatic attrac- 
tion and the devices are damaged due to the electrostatic 
discharge, resulting in the drop of the yield [5], [6]. 
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The ionizer which generates ions with the corona dis- 
charge has been employed to neutralize the charged wafer. 
Recently a new technique protecting the discharge elec- 
trode with quartz glass has been developed to prevent par- 
ticle generation coming from electrode sputtering [7]. 
However there are still several problems if this corona 
discharge method is applied to the N2 gas ambient in the 
wafer transportation tunnel or the equipment. The first 
problem is the residual potential after the neutralization 
when this conventional ionizer is used close to the wafer. 
Since negative and positive ions are alternatively gener- 
ated in accordance with the voltage to be applied in the 
corona discharge method, the residual potential on the 
wafer changes accordingly when this ionizer is used close 
to the wafer. The residual potential reaches several 
hundreds volts at maximum. The second problem is the 
generation of electromagnetic noise. In order to generate 
the corona discharge, the voltage of around +10 kV is 
applied to the discharge electrode for a certain period. The 
corona discharge and the high voltage lead to electromag- 
netic noise which might adversely affect the control sys- 
tem of nearby precision instruments. The dependence of 
the neutralization rate on the gas flow rate becomes im- 
portant. The neutralization rate is degraded in the case of 
the low gas flow velocity or the stagnant ambient. 
We have developed a new method to neutralize a 
charged wafer with ultraviolet light in a N2 gas ambient. 
This method applies the fact that the N2 molecule is ion- 
ized when it absorbs ultraviolet light. The neutralization 
method employing ultraviolet light has successfully over- 
come the problems that the ionizer has. The residual po- 
tential after the neutralization is always 0 V.  The neutral- 
ization is stable, scarcely affected by the gas flow rate. 
Besides it has been found the neutralization capability gets 
higher as the ambient pressure is reduced. Additionally, 
this ultraviolet light irradiation method has been con- 
firmed to exhibit better neutralization capability in Argas 
than that in N, gas. 
11. EXPERIMENTAL 
Fig. 1 shows the schematic diagram of the neutraliza- 
tion experimental apparatus for the charged wafer. A 
5-inch wafer is placed on fluorine-resin bars located in the 
center of chamber bottom. The voltage of 0 to +3 kV can 
be applied to the wafer. The sum of capacitance of the 
wafer and the parallel capacitor (CO) can be adjusted 
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Fig. 1 .  Schematic diagram of the experimental apparatus 
within the range from 10 pF to 5000 pF by changing the 
value of the capacitor (CO) shown in the figure. The wafer 
potential is measured with the non-contact surface voltage 
meter which is placed right below the wafer. The mea- 
surement error of this surface voltage meter has been 
proved less than 1 % of the accurate value. Gases are de- 
livered from the upper part of the chamber. The UV lamp 
(D, lamp: 150 W) is mounted on the chamber wall, ori- 
ented upward, so that ultraviolet light may not be directly 
irradiated onto the wafer. The wavelength range of the 
mounted UV lamp is 115-400 nm. Additionally as the 
ionizer is mounted on the upper part of the chamber, the 
corona discharge method and the UV neutralization 
method can be compared with each other in the experi- 
ments. 
The neutralization capability has been evaluated by 
measuring the neutralization rate of charged wafer and the 
residual potential after the neutralization. The neutral- 
ization rate has been obtained by measuring the time re- 
quired to reduce the potential of the wafer with the ca- 
pacitance of 10 pF from + 3  kV to +0.3 kV. The gas flow 
rate dependence, the N2 gas pressure dependence, the 
moisture concentration dependence, and the 0, gas con- 
centration dependence have also been evaluated as these 
factors are considered to affect the neutralization capabil- 
ity when the method is practically employed in the pro- 
duction line. Further experiments have been performed 
for the Ar gas ambient, which is frequently employed just 
like the N2 gas, as the carrier gas and the ambient gas in 
equipment, to confirm whether or not this UV light irra- 
diation neutralization method is effective. 
111. RESULTS AND DISCUSSION 
A. Neutralization Capability of UV Light Irradiation 
Neutralization Method 
Fig. 2 shows the potential decay curve when the wafer 
charged to + 3  kV has been neutralized. The vertical axis 
shows the wafer potential, while the horizontal axis shows 
the elapsed time just after starting UV lamp irradiation. 
It is seen from Fig. 2 that the wafer potential decays to 
less than +50 V within 10 seconds. This result indicates 
the UV light irradiation neutralization method is effective 
in a N2 gas ambient. The decay time of a positively- 
charged wafer is considerably shorter than that of a neg- 
atively-charged wafer. In the case of the corona discharge 
neutralization method in the air, the polarity of the charged 
wafer does not cause such a big difference in the decay 
time [7]. When ultraviolet light is irradiated in N2 gas 
ambient, some fraction of the N2 molecules are ionized to 
N: ions. The electron released from the N2 molecule binds 
with the gas molecule whose electron affinity is positive 
to form a negative ion. In air, 02, CO2, NO,, and SO, are 
the negative ion sources. In the high purity N, gas, how- 
ever, the concentration of those negative ion sources is 
very low: less than the ppb level. Therefore many elec- 
trons with high mobility reach a positively-charged wafer 
before forming negative ions. Since the time that the elec- 
tron takes to reach the wafer is much shorter than that of 
the positive ion, recombination between the positive ion 
and the electron is limited. As a result, the amount of 
negative electric charge which is applied on the wafer per 
unit time becomes large, making the decay time of the 
positively-charged wafer very short. 
Fig. 3 shows the number of ions and electrons which 
reach the wafer per unit time as a function of the wafer 
potential. It is seen from Fig. 3 that the number of ions 
and electrons reaching the wafer strongly depends on the 
wafer potential. Electric field intensity around the wafer 
decreases with a decrease of wafer potential, resulting in 
an increase of transit time for ions and electrons to reach 
the wafer. The increase of transit time of ions and elec- 
trons inevitably accompanies an increase of recombina- 
tion of ions and electrons, resulting in a decrease of neu- 
tralization rate. Moreover, the increase of transit time of 
electrons increases a probability to encounter to remain- 
ing negative ion sources in N, gas ambient to produce 
negative ions, leading to the decrease of neutralizing rate. 
Fig. 4 presents the neutralization capability of the UV 
light irradiation method when the flow rate of the N, gas 
is varied. Fig. 5 shows the case of the corona discharge 
method. The neutralization capability of the UV light ir- 
radiation method scarcely depends upon the gas flow rate 
in both cases of the negatively- and positively-charged 
wafers. On the other hand, for the corona discharge 
method, the neutralization capability for the negatively- 
charged wafer is reduced as the gas flow rate decreases. 
This is considered because of the difference in the ion 
generation density in the region where ions are generated. 
As the ion concentration is higher, the ion recombination 
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Fig. 2.  Decay curves of charged wafers 
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Fig. 3 .  Relation between the number o f  ions and electrons reaching the 
wafer and the wafer potential. 
ratio gets higher. For the corona discharge, the ion pairs 
with high concentration are generated in the limited re- 
gion close to the top of the discharge electrode, and ions 
and electrons of the same polarity as the discharge elec- 
trode, spread around, synchronizing with the applied volt- 
age cycle. As the velocity of the gas flow is high, the ions 
with high concentration diffuse faster, lowering the ion 
recombination ratio. When the wafer is charged posi- 
tively, however, electrons get toward the wafer with much 
higher velocity than the diffusion rate depending on the 
gas flow. Therefore the ion-electron recombination ratio 
does not show a great change. For the UV light irradiation 
method, since the N2 molecules are ionized in the consid- 
erably large region where ultraviolet light is irradiated, 
the ion concentration in the ion generation region gets 
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Fig. 5. The neutralization capability of ionizer protected with quartz. 
lower than the case of the corona discharge method. Ac- 
cordingly the ion recombination ratio scarcely changes 
because the ion concentration in low even at low gas flow 
rate. In other words, since the N, molecules are ionized 
in the large region in the case of UV light irradiation 
method, the ratio of the ion pair recombination due to the 
gas flow remains unchanged to maintain the stable neu- 
tralization capability. 
As for the residual potential after the neutralization 
shown in Figs. 4 and 5, the UV light irradiation method 
constantly demonstrates the residual potential of 0 V.  For 
the corona discharge method; however, the residual po- 
tential fluctuates, synchronizing the cycle of the polarity 
switch of the voltage applied to the discharge electrode, 
Authorized licensed use limited to: TOHOKU UNIVERSITY. Downloaded on March 10,2010 at 01:44:43 EST from IEEE Xplore.  Restrictions apply. 
362 I E t E  TRANSACTIONS ON SEMICONDUCTOR MANUFACTURING. VOL. 5 .  NO. 4, NOVEMBER 1992 
where the peak value exceeds 100 V. In the corona dis- 
charge method, ions and electrons with the opposite po- 
larity to the discharge electrode, are attracted to the dis- 
charge electrode, and ions or electrons with the same 
polarity as the discharge electrode are diverged. As the 
polarity of the voltage applied to the discharge electrode 
is switching from one to the other, the flow of ions or 
electrons are accordingly switched. Since the electric field 
around the wafer disappears after the neutralization, 
positive ions and negative ions or electrons are alterna- 
tively supplied to the wafer and the wafer potential fluc- 
tuates consequently. 
Positive ions and electrons are generated in an equal 
number by the UV light irradiation, which does not cause 
the spatial potential distribution. Therefore the wafer po- 
tential remains at 0 V after neutralization. 
The UV light irradiation method has proven to be a very 
good neutralization method in N2 gas ambient as the de- 
cay time has little gas flow rate dependence and the resid- 
ual potential is always kept at 0 V. 
B. N2 Pressure Dependence of Neutralizution 
Capability 
In order to apply this UV light irradiation neutralization 
method to the equipment which is mainly operated in a 
reduced pressure environment, it is important that the 
neutralization capability under the reduced pressure is 
evaluated. The time required to neutralize the charged 
wafer was measured as the pressure in the experimental 
apparatus was reduced from 760 to 5 x Torr. Gas 
flow rate was set at 0 in this experiment. Fig. 6 shows the 
decay curve of wafer potential for three different N, pres- 
sures: 760 Torr, 100 Torr, and I O  Torr. In Fig. 6,  the 
initial wafer potential was set at +200 V to prevent the 
discharge breakdown, because the breakdown field inten- 
sity decreases with a decrease in ambient pressure follow- 
ing Paschen's law. Fig. 6 clearly indicates that the decay 
time tends to decrease with a decrease of N2 gas ambient 
pressure. When the decay times to reduce the potential to 
the revel of +20 V at pressures of 760 torr and 10 torr 
are compared, it seems that the decay time at a pressure 
of 10 Torr is shorter than that at 760 Torr: the neutral- 
ization rate is more than 20 times higher in the case of the 
positively-charged wafer and more than 4 times higher in 
the case of the negatively-charged wafer. Since the mean 
free path of electrons and molecules gets longer to make 
the mobility higher under the reduced pressure, electrons 
and ions get to the charged wafer within short period of 
time. As ions reach the wafer quickly, the recombination 
between negative ions or electrons and positive ions is 
suppressed. This makes it possible for many negative ions 
or electrons and positive ions to reach the wafer, reducing 
the decay time. It is also found in the decay curve that the 
neutralization rate has a great dependence on the wafer 
potential: as the wafer potential increases, the neutral- 
ization rate increases. 
Fig. 7 presents the number of ions or electrons which 
reach the wafer per unit time. which expresses how the 
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Fig. 6. Decay curves of wafer potential 
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Fig. 7. The relation between the deposition ions or electrons. the ambient 
pressure, and the wafer potential. 
neutralization rate depends on the N, pressure and the 
wafer potential. It is clear in Fig. 7 that the number of 
ions and electrons reaching the wafer depends on the N2 
pressure and the wafer potential. This cause is the same 
as the cause explained about the results in Fig. 3.  The 
transit time for ions and electrons to reach the wafer in- 
creases with a decrease of the wafer potential or with an 
increase of the ambient pressure, resulting in an increase 
of recombination of positive ions and electrons or nega- 
tive ions. Furthermore in Fig. 7 ,  the number of electrons 
or negative ions reaching the positively-charged wafer 
greatly changes. In the N, pressure of 760 Torr and 100 
Torr, the number of negative ions or electrons reaching 
the wafer is about same as positive ions when the wafer 
potential is lower. This is because that, the combination 
between electrons and negative ion sources is promoted 
with an increase of the transit time for electrons, resulting 
in an increase of the transit time for negative charges to 
reach the wafer. 
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Fig. 8 shows the relationship between the decay time 
and the N2 pressure. The decay time gets shorter as the 
gas pressure decreases in both cases of positively- and 
negatively-charged wafers. When the gas pressure de- 
creases from 760 to below 0.1 Torr, the neutralization 
rate gets higher by over lo00 times in the positively- 
charged wafer case and by about 100 times in the nega- 
tively-charged wafer case. It is demonstrated in Fig. 8 
that the neutralization capability is continuously im- 
proved with decreasing N2 gas pressure down to the level 
of lo-' Torr, where the mean free path of N2 molecule is 
about 5cm. This result clearly indicates that N2 molecule 
ionization mainly occurs due to the multi-photon absorp- 
tion (Appendix A). 
C. Impurity Concentration Dependence of 
Neutralization Capability 
It has been revealed that the UV light irradiation is very 
efficient in neutralizing the charged wafer in the high- 
purity N2 gas ambient. In practice, however, the N2 gas 
ambient may contain impurities. In order to find out the 
influence of impurities, the neutralization capability has 
been investigated in the N2 gas ambient containing H 2 0  
and O2 molecules. 
Fig. 9 shows the relationship between the decay time 
and the moisture concentration. It is clear in Fig. 9 that 
the moisture concentration has little influence on the neu- 
tralization capability. Since the ionization potential of 
H20  molecule [: 12.6 eV] is lower than that of N2 mole- 
cule [: 15.6 eV], the neutralization capability is supposed 
to get degraded in accordance with the moisture concen- 
tration decrease. However, as shown in Fig. 9, even when 
the moisture concentration changes by 10 times, the neu- 
tralization capability remain unchanged. Moreover, in the 
case of the neutralization under the reduced pressure de- 
scribed in the previous section, the neutralization capa- 
bility is better than the experiment shown in Fig. 9 though 
the number of H 2 0  molecule is smaller by approximate 4 
order. This implies that N2 molecules as well as H 2 0  mol- 
ecules whose ionization potential is relatively low are ion- 
ized. The details of the ionization process is described in 
Appendix A. The point is that neither N2 molecule nor 
H20 molecule is not ionized by absorbing one photon in 
this UV light irradiation. Therefore it is not clear which 
of N2 molecule or H 2 0  molecule is more easily ionized 
with the UV light irradiation. However, what is clear is 
that in the case N: ions and H 2 0  molecules coexist and 
their molecules collide with each other, in accordance with 
the charge exchange reaction, H20  has lower ionization 
energy than N2 molecule gets ionized while N; changes 
back to the neutral molecules. For the measurement shown 
in Fig. 9, the HzO molecule concentration is over 1 ppm 
and the collision rate of gas molecules under 760 Torr is 
around IO9 times/sec. Therefore it is considered that 
N: changes back to the neutral molecule within a short 
time and that just (H20),H+ are left behind. 
Fig. 10(a) and (b) show the each generated ion and ion 
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intensity with various moisture concentration in N2 gas 
and in Ar gas. APIMS (Atmospheric Pressure Ionization 
Mass Spectrometry), where gas molecules are ionized by 
corona discharge, is used in this measurement. It is seen 
from Fig. 10(a) that the rate of nitrogen ions (N:, N:, 
N:) gradually decreases with increasing the moisture 
concentration. The rate of nitrogen ions is more than 90% 
when the moisture concentration is 50 ppb. However, 
when the moisture concentration is 3 ppm, the rate of 
H20+ and (H20),H+ ions is approximately 90%. The 
charges are transferred from ionized N: into moisture 
molecules, i.e., the charge exchange reaction. Moreover, 
it is clear in Fig. 10(a) that the moisture molecules get in 
bigger clusters with increasing the moisture concentra- 
tion. The result of Ar gas shown in Fig. 10(b) has the 
same tendency as N2 gas. 
Fig. 11 shows the decay time and the ozone concentra- 
tion when the high-purity O2 gas is mixed to the high- 
purity N2 gas with the varied mixing ratio from 1 %  to 
16%, where, the decay time in the case of the high purity 
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N2 gas is shown for comparison. The 0 2  concentration in 
the N, gas employed in this experiment is 1.4 ppb. In 
order to fix the measurement conditions other than the O2 
mixing ratio, the total gas flow rate was adjusted at IO 
I/min and the moisture concentration was kept stable un- 
der the level of less than 1 ppm. 
When the 0, mixing ratio is set at 1 %, the decay time 
of the positively- and negatively-charged wafers is 13 sec- 
onds and 20 seconds, respectively. They are 27 times and 
4 times longer than the decay time observed when 100% 
high-purity N2 gas is employed respectively. It has been 
found that the neutralization capability is deteriorated 
sharply as the 0, gas mixing ratio increases. The fact that 
the decay time of the positively- and negatively-charged 
wafers gets longer clearly indicates the drop of ion gen- 
eration. Particularly the decay time of the positively- 
charged wafer shows a significant increase, making the 
decay time gap against the negatively-charged wafer 
smaller. Electron plays a major role to neutralize positive 
charge in the 100% high purity N2 gas ambient, while 
0; or 0- plays a major role in the gas with high O2 gas 
mixing ratio. Since the electron affinity of the 0, is pos- 
itive, it easily binds with electron to become negative ion. 
The mobility of the negative ions is several orders lower 
than that of the electron, and is the same order as the mo- 
bility of the positive ions. This mqkes the gap of the decay 
time between the positively-charged wafer and the nega- 
tively-charged wafer smaller. When the ionizer is em- 
ployed in the air, the decay time for the negatively- 
charged wafer is about 1.5 times longer than that for the 
positively-charged wafer ( + 3  kV --t +0.3 kV) [7]. The 
same tendency was observed in this experiment in which 
the 0, mixing ratio is set at 1 % or higher. 
The causes that the existence of O2 molecule suppresses 
the ionization of the gas molecules are explained by em- 
ploying the potential energy curve of 0, molecule (Fig. 
12) [8]. The dissociation energy of O2 molecule is by far 
lower than that of N2 molecule: O2 molecule is disso- 
ciated as it absorbs the light with the energy of 6.1 eV 
(203 nm) or more. For example, the 0, molecule in the 
ground state (X3 CR) is excited to O2 (C3 A,) when it ab- 
sorbs the light of 6.1 eV (203 nm). Since this absorption 
energy is higher than the dissociation energy of O2 mol- 
ecule (= 5.1 eV), 0, gets dissociated after going through 
the metastable excitation state within the one cycle of nu- 
clear vibration. In the wavelength range of the UV lamp 
employed in this experiment, the energy of most photons 
absorbed by 0, is higher than the dissociation energy. As 
most of the O2 molecules are dissociated to the oxygen 
radicals or atoms before being ionized, few 0; ions are 
generated. On the other hand, excited N2 gas molecules 
lose their energy in the collision with ground state O2 
molecules to excite them to the intermediate states before 
going to absorb additional photon to be ionized. Because, 
the energy of excited level of N2 molecules is higher than 
that of excited O2 molecules. Thus, the increase of 0, 
concentration tends to decrease ion generations. 
When N, gas ambient pressure is reduced less than 10 
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Torr, where the collision among gas molecules is de- 
creased, however, ion generations are maintain at the 
same level of pure N2 ambient. Because, most of excited 
N, molecules absorb photons to be ionized before they 
collide with O2 molecules (Appendix B). 
D. Capacitance of Wafer in Floating Transportation 
Since the decay time is proportional to the capacitance 
of the wafer, the capacitance of the wafer has been mea- 
sured in the floating transportation. The wafer was prac- 
tically supported with the insulating fluorine-resin at three 
points. As for the wafer track, both the grounded metal 
and insulating fluorine-resin were employed for compar- 
ison. Further the gap between the wafer and the wafer 
track was vaned in the measurement. 
Fig. 13 shows the measurement results. The capaci- 
tance decreases as the distance between the wafer and the 
wafer track increases. When the conductor is used as the 
wafer track, the capacitance gets higher: about a double 
of the capacitance obtained with the insulating wafer 
track. 
In the meantime, the practical wafer transportation sys- 
tem should be totally made of the metal in principle in 
order to reduce the outgas to the ultimate low level. 
Therefore the capacitance of the wafer handled in the 
practical transportation system should be close to the value 
obtained in the experiment employing the conductive 
wafer track. In the case that the distance between the wafer 
and the wafer track is 3 mm and the 5-inch wafer is used, 
for example, the capacitance of the wafer is 30-40 pF. 
E. Neutralization in Ar Gas Ambient 
Ar gas is the secondly most popular gas as the carrier 
gas, following a N2 gas. It is also employed to seal the 
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equipment. In particular, it is often used in the manufac- 
turing equipment. In order to come up with further better 
neutralization technology in the closed manufacturing 
system, it is necessary to confirm this newly-developed 
neutralization technology also works in the Ar gas am- 
bient. 
Fig. 14 shows the decay time measured as the mixing 
ratio between the N2 gas and the Argas was varied. When 
the mixing ratio of the Ar gas to the N2 gas is 1 : 1, the 
decay time is almost at the same level as the case of the 
100% high punty N2 gas ambient. For 100% high purity 
Ar gas ambient, however, the decay time gets consider- 
ably shorter than the case of 100% high purity N2 gas 
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ambient. Particularly the decay time of the positively- 
charged wafer gets less than a half. The better neutral- 
ization capability in the Ar gas than in the N, gas can be 
attributed to the fact that the Argas is more easily ionized 
than the N2 gas with the UV light irradiation. The ion- 
ization energies of N, and Ar molecule are about the same. 
The excitations of N2 and Ar molecules are discussed. 
Since the N2 molecule is made of two-atom molecule, 
there are many forbidden transition in the transition among 
each excitation level. In particular, the two-stage excita- 
tion has the limited number of combinations in which the 
transition is possible. On the other hand, as the Argas is 
made of one-atom molecule, there are not so many selec- 
tion rules as the case of the two atom molecule, and there 
are relatively many ways of the transition. In short, the 
Argas has higher possibility to get excited and to get ion- 
ized. 
IV. CONCLUSION 
It has been found that the charge-up of the wafers in N2 
gas and Argas ambient, both of which are frequently em- 
ployed as the carrier gas and the ambient gas in the equip- 
ment and in the wafer transportation, can be prevented by 
ionizing the gas molecule with the UV light irradiation. 
This method features the excellent neutralization capabil- 
ity without accompanying particle generations. It hardly 
depends on the gas flow rate or the moisture concentra- 
tion. Besides the residual potential after the neutralization 
is always kept at 0 V. Additionally this method can be 
applied to the reduced pressure ambient down to lo-' torr, 
demonstrating better neutralization capability than under 
the atmospheric pressure. Only, though this neutralization 
cannot work properly in the atmospheric pressure ambient 
containing 0, gas, it is effective under reduced pressure 
ambient. 
The establishment of a very clean advanced neutral- 
ization technology to be applied to the processing equip- 
ments and the N2 tunnel wafer transportation system, has 
made it possible to completely overcome the static-related 
problems to come up with the advanced semiconductor 
manufacturing process with higher reliability. Moreover 
this neutralization technology will be essential in the fu- 
ture closed manufacturing system. 
APPENDIX A 
N, MOLECULAR IONIZATION PROCESSES 
The light in vacuum ultraviolet region of 80 nm (15.6 
eV) is required to directly ionize a N, molecule by the 
light irradiation. Therefore, in this case, N2 molecules are 
considered to be ionized by the collision between excited 
molecules or the multi-photon absorption. Referring to the 
potential energy curve of a N2 molecule shown in Fig. 
15, [SI, the ionization process of a N2 molecule is dis- 
cussed below. Judging from the results in Fig. 8, where 
the neutralization capability has been demonstrated to be 
continuously improved with a decrease of ambient pres- 
sure down to lo-' Torr i.e., molecular flow region in- 
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Fig. 15. Potential energy curves of N, 
stead of viscosity flow region, it is clear that N, molecules 
are mainly ionized by the UV light irradiation through the 
multi-photon absorption process. In the case of N2 mole- 
cule, since the valley of the potential energy curve is very 
deep and the dissociation energy is very high, the irradia- 
tion of ultraviolet light with the wavelength of over 115 
nm dissociates very few N, molecules to the N atoms or 
radicals. Therefore, most of ions generated here are con- 
sidered to be N: ions. When a N, molecule absorbs a 
photon, it is excited to a certain intermediate state (first 
excitation). If the excited N, molecule succeedingly ab- 
sorbs the additional photon (second excitation) before it 
comes back to the ground state (XIEl) ,  it is considered to 
be ionized. 
APPENDIX B
INFLUENCE OF O2 MOLECULES 
In this ionization method due to the UV light irradia- 
tion, most of O2 molecules excited by the UV light ab- 
sorption or the collision with excited N2 molecules get 
dissociated to oxygen radicals within a vibration period 
( 2  sec [ 8 ] ) .  The oxygen radical immediately reacts 
with 0, molecule to generate ozone [O,]. Therefore, few 
0; or 0- ions are generated. In this experiment where 
the input power of D, lamp was 150 watt, the ozone con- 
centration measured with the O2 mixing ratio varied from 
1 % to 16% was about stable at about 2500 ppb as shown 
in Fig. 11. From this result, the minimum number of ex- 
cited molecules by the UV light irradiation is approxi- 
mately estimated as follows, 
O3 concentration = 2500 ppb 
+ 2.5 X 1019 molecules/cm3 x 2.5 x 
= 6.3 X lo', 0, x cm3 
Gas flow rate = 10 l/min = 170 cm3/sec 
I 
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Excited molecules = 6.3 x lOI3 x 170 
= 1 . 1  x 1V/sec  (at 2 0 0 ~ )  
Moreover, since the O3 concentration is almost indepen- 
dent of 0, concentration, it is clear that N, molecules are 
excited by the UV light irradiation in the same manner as 
0, molecules. In atmospheric pressure ambient including 
O2 molecules, ion concentration becomes very low be- 
cause most of excited N2 molecules get back to the ground 
state through the collision with the O2 molecules whose 
excited energy level is lower than that of N2 molecule, 
resulting in the drop of the neutralization capability. In 
lower ambient pressure, however, even if the 0, concen- 
tration is high, the neutralization capability is not so much 
degraded because the excited N, molecules absorb photon 
to be ionized before they collide with O2 molecules. 
Therefore, the neutralization rate in the ambient mixed 0, 
gas comes up with that in the high purity N, gas ambient 
with a decrease of ambient pressure. 
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